INTRODUCTION
============

Hypertension is an important modifiable risk factor for cardiovascular disease (CVD) and all-cause mortality in the Chinese population.^[@R1]^ During recent decades, a number of randomized controlled trials (RCTs) have supported the benefits of antihypertensive medication on reducing the incidence of CVD among the elderly.^[@R2]--[@R5]^

Recently, the Eighth Joint National Committee (JNC-8) panel members suggested that hypertensive patients ≥60 years of age with a systolic blood pressure (SBP) of ≥150 mmHg should initiate the drug therapy and the optimal blood pressure (BP) goal should be of \<150/90 mmHg. The recommendations claim that "setting a goal SBP of \<140 mmHg in this age group provides no additional benefit compared with a goal SBP of 140 to 160 mmHg or 140 to 149 mmHg."^[@R6]^ However, some JNC-8 panel members (5 of 17) disagreed with this standpoint.^[@R7]^ In addition, the 2013 European Society of Hypertension/European Society of Cardiology guidelines for the management of hypertension^[@R8]^ also recommended that the therapeutic target of SBP should be of 140 to 150 mmHg in elderly hypertensive aged ≥80 years with SBP ≥160 mmHg.^[@R8]^ Experts have also put emphasis on the comment that the data making definitive recommendations on targeted BP levels in the elderly is very limited.^[@R9]--[@R12]^ Furthermore, results from some post-hoc analysis of RCTs and observational studies did not support the recommendations.^[@R13]--[@R15]^ The RCTs to provide definitive evidence on the optimal BP target for elderly hypertensive patients are few and the optimal BP goal among the elderly remains controversial.^[@R2],[@R3],[@R16],[@R17]^

Furthermore, the majority of evidence used as the basis for the management of hypertension is obtained from RCTs, and these results are limited in their application to the general patients due to the strict inclusion and exclusion criteria. The "real-world" effects from RCTs should be validated using large-scale observational epidemiological studies. Therefore, we selected a representative cohort hypertensive sample aged ≥60 years in rural areas of China to investigate the relationship between BP and adverse outcomes.

METHODS
=======

Study Population and Study Design
---------------------------------

This is a large-scale epidemiological prospective study. A multistage, random cluster sampling design was performed to select a representative sample of the rural population aged ≥35 years from 84 rural villages in Liaoning Province from 2004 to 2006. The detailed methodology was described elsewhere.^[@R18]^ In 2008 and 2010, all subjects were invited to participate in the biennial follow-up study. Of the 45,925 subjects at baseline, 3579 were not included in the follow-up study due to lack of contact information. Overall, 42,346 aged ≥35 years at baseline examination were deemed eligible to participate in the follow-up study. From this population, a total of 39,845 (94.1%) study participants (or their guardians) were identified and agreed to be interviewed as a part of the follow-up study. The 6080 subjects who were lost to follow-up relative to the participants who have completed the follow-up study (n = 39,845) have the older age (median: 52.0 versus 50.2 years; *P* \< 0.001), higher SBP (median: 134 versus 131 mmHg; *P* \< 0.001) and diastolic BP (DBP) (median: 85 versus 82 mmHg; *P* \< 0.001), and were more likely to be female (53.0% versus 50.1%; *P* \< 0.001). For the present study, no-hypertensive subjects (n = 24,304) and baseline age \<60 years (n = 30,760) at baseline were excluded, leaving 5066 data from hypertensive patients aged ≥60 years at baseline for the present analysis.

Ethical Approval, Informed Consent, and Patient Privacy
-------------------------------------------------------

The research protocol was approved by China Medical University Research Ethics Committee and written informed consent was formally obtained from all subjects or their guardians. We explained the contents of informed consent to subjects who agreed to participate the present study which included the purpose of the study, confidentiality agreement of personal information, and medical items. We did not include the personal information and patient\'s identity with the other data. Only the principal investigator had access to this information. No reference to the patient\'s identity was made at any stage during data analysis or in the paper.

Data Collection and Physical Examinations at Baseline
-----------------------------------------------------

At baseline examination, all participants were recruited and examined at a single clinic visit by their local doctors in their geographical area of origin from 2004 to 2006. There was a central steering committee in place to run the study, with an independent subcommittee for quality control. With the help of health bureau of local governments, we recruited strictly the local doctors who were willing to become investigators and were physicians who had at least 3 years of experience. Before the survey was performed, all the eligible doctors were invited to attend an organized training and certification process in Fuxin County. Our research staff trained the local doctors by way of lecture, role playing, and simulation training. The training content included the purpose of this study, how to administer the questionnaire, standard methods of measurement, the importance of standardization, and study procedures. A strict test which composed of written examination and standard operation evaluation was conducted after the training. Only those who scored perfectly (the simulation test error rate = number of mistaken items/number of total items \<2%) on the test and mastered soundly the main points of standard operations such as BP measurements and physical examinations were recruited become investigators. A total of 98 local eligible doctors were invited to participate in the research, and 96 of them passed the test. For 24 doctors came from the same village (2 doctors per 1 village), those who scored higher was the final investigator in the village. Finally, a total of 84 local doctors from 84 rural villages (one doctor per one village) who received strict training and passed the assessment became the investigators. During data collection, the research staff continued monitoring the doctors and their performance, even after the considerable initial training.

Data on demographic variables (age, sex, and ethnicity), smoking status, use of alcohol, information on duration of hypertension, antihypertensive medications, lipid-lowering drug use, and history of stroke and coronary heart disease (CHD) at baseline were obtained by interviews with a standard epidemiological questionnaire. Drinking status was assessed by alcohol consumption which defined as the weekly consumption of beer, wine, and hard liquor converted into grams of alcohol. Alcohol drinker was defined as alcohol consumption at least 8 g per week during the last year. Current smoking was defined as people who smoked at least 1 cigarette every day and continued for at least 1 year. Smoking was assessed as a part of the questionnaire. The individuals were asked whether they currently smoked or not (Do you smoke currently?). Body weight and height were measured with subjects wearing light clothing and without shoes according to a standard protocol. History of stroke or CHD at baseline was positive if a stroke or CHD was reported during the baseline interview and confirmed by medical records. Body mass index (BMI) was calculated by the weight in kilograms divided by height in square meters. Diabetes and hypercholesterolemia were defined according to self-report or medical records.

BP Measurements at Baseline
---------------------------

BP was measured using a standardized automatic electronic sphygmomanometer (HEM-741C; Omron, Tokyo, Japan) and 1 of 4 cuff sizes (pediatric, regular adult, large, or thigh) chosen based on the basis of arm circumference. A trained and certified observer used an American Heart Association protocol to perform 3 BP measurements after study participants had been seated quietly for 5 minutes. Participants were instructed to avoid alcohol consumption, cigarette smoking, coffee/tea, and exercise for at least 30 minutes before these measurements. The mean of 3 BP values was calculated and used for all subsequent analysis. The terminal digit preference was used as an indicator of quality control for BP measurements in the present study. Participants with hypertension at baseline were defined as they had an average SBP ≥140 mmHg, and/or an average DBP ≥90 mmHg, and/or use of antihypertensive medications within the previous 2 weeks.

Follow-Up
---------

All study subjects were invited to attend the biennially follow-up study: from January to June 2008; and from July to October 2010. At each visit, we collected the information on clinical end points, adverse events, and concurrent medication use. During each visit, BP measurements were taken and recorded according to a standard protocol identical to that of the baseline examination. For the present analysis, we used all postbaseline BP measurements to calculate the average follow-up SBP and DBP for each patient. The baseline value was substituted for patients without postbaseline BP data. We then evaluated the risk of study outcomes according to BP.

Study Outcomes
--------------

The present study outcomes included all-cause mortality, CVD mortality, incident stroke, and CHD. Deaths were identified through hospital records and by directly contact with their families. Using the International Classification of Diseases, 9th Revision, Clinical Modification, deaths due to CVD were assigned a code from 400 through 444 including CHD, stroke, and others. We confirmed that death from CVD on the basis of autopsy reports, death certificates, medical record abstract, or information obtained from family members.

Stroke was defined according to the WHO Multinational Monitoring of Trends and Determinants in Cardiovascular Disease criteria: a sudden onset of focal (or global) disturbance of cerebral function lasting \>24 hours (unless interrupted by surgery or death) with no apparent nonvascular cause. The definition included patients presenting with clinical signs and symptoms suggestive of complete stroke, including ischemic stroke and hemorrhage stroke. Transient ischemic attacks and silent brain infarctions (cases without clinical symptoms or signs) were not included; neither were events associated with trauma, blood disease, or malignancy. Most stroke cases (n = 479, 97.6%) were diagnosed by computed tomography, magnetic resonance imaging (including diffusion image), magnetic resonance angiography of the brain, and carotid duplex imaging. CHD was defined as myocardial infarction, angina pectoris of which patients received treatment in hospital for ischemic discomfort and diagnose by coronary angiography, coronary revascularization, and sudden death. Coronary revascularization was achieved when a patient underwent percutaneous coronary intervention (eg, angioplasty, stenting, atherectomy, and laser ablation) or coronary artery bypass graft. The information was obtained from direct reference to medical records by a single investigator.

All materials were independently reviewed by the end-point assessment committee which included the certified neurologists, cardiologists, and others. All members of the end-point assessment committee were blinded to the study participants' baseline risk factor information.

Statistical Analysis
--------------------

Continuous variables were presented as means and standard deviation, while categorical variables were expressed as percentages. BP values were categorized (SBP, 10 mmHg increments; and DBP, 5 mmHg increments) to study the association between BP and adverse outcomes. Patients groups were compared by χ^2^ tests for categorical variables or one-way analysis of variance for continuous variables, which followed by the least significant difference test for subgroup comparisons. The rates of events were presented as the number of events per 1000 patient-years, based on the ratio of the number of events observed to the total number of patient-years of exposure up to the terminating event or censor.

The decision to use the average BP during follow-up was based on the following: we created 2 separate adjusted models using baseline BP and average follow-up BP. We used Harrell concordance index (C index) to calculate the predictive value for each model and compared them using bootstrapping.^[@R19]^ Because the predictive value of models with average follow-up BP (eg, all-cause mortality, 0.702 for SBP and 0.589 for DBP) was significantly better than that of baseline BP (eg, all-cause mortality, 0.564 for SBP and 0.528 for DBP) models, all subsequent mentioning of BP relates to average follow-up BP and not to baseline BP.

We used multivariable Cox proportional hazards models to calculate hazard ratio (HR) with 95% confidence intervals (CIs) for the associations between BP categories and incident events, with the BP category in which the actual event rate was lowest as the reference group. The SBP and DBP were entered the multivariable models separately. We constructed 2 models: in model 1, we adjusted for baseline age and sex; and in model 2, we adjusted for sex, baseline age, Mongolian ethnicity, body mass index, smoking, drinking, antihypertensive treatment, prior CHD, prior stroke, and self-reported history of diabetes and hypercholesterolemia. Next, we divided patients into 3 groups based on BP (≥150/90 mmHg, 140--149/\<90 mmHg, and \<140/90 mmHg) and repeated the multivariable models, with the \<140/90 mmHg category as the reference group. The proportionality assumption was evaluated by scaled Schoenfeld residuals, and the global fit of the models was evaluated by graphically examining the cumulative hazards function relative to the Cox-Snell residuals. All analyses were performed using SPSS statistical software version 13.0 (SPSS Inc., Chicago, IL). A *P* value less than 0.05 was accepted as indicating statistical significance.

RESULTS
=======

The average baseline age of the study hypertensive patients was 69.5 years (range: 60--95 years) and there were 2571 (51.4%) women. The mean (standard deviation) of baseline DBP and SBP were 91.7 (12.9) mmHg and 162.5 (21.3) mmHg, respectively. At baseline, 28.8% of study hypertensive patients were receiving antihypertensive medications. Other baseline demographics as well as con-concomitant medications were indicated in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}. Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} also show baseline characteristics of study patients categorized by average SBP and DBP ranges during follow-up, respectively. Patients with lower mean SBP were more likely to be younger, male, and to have a lower proportion of prior history of stroke (all *P* \< 0.05). Patients with lower mean DBP were leaner, and to have a lower proportion of history of CHD (all *P* \< 0.05).

###### 

Baseline Characteristics and Demographic of 5006 Study Patients According to Mean Systolic BP Categories
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Baseline Characteristics and Demographic of 5006 Study Patients According to Mean Diastolic BP Categories
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After a median 4.8 years (range: 1.2--6.5 years) of follow-up and 20,916 person-years of observation, there were 776 deaths and 536 of them attributed to CVD. Mortality from all-cause and CVD were 37.10 (95% CI, 34.54--39.66) and 25.63 (95% CI, 23.48--27.77) per 1000 patient-years, respectively. Meanwhile, 491 incident stroke and 278 incident CHD cases occurred during the follow-up period and the incident rates of stroke and CHD were 23.47 (95% CI, 21.42--25.53) and 13.29 (95% CI, 11.74--14.84) per 1000 patient-years, respectively.

Table [3](#T3){ref-type="table"} shows the rates and HRs (95% CI) of all-cause mortality, CVD mortality, incident CHD, and stroke according to SBP categories. As expected, there was direct correlation between average SBP and incident events. After adjusted by sex and baseline age, patients with SBP of 160 mmHg versus SBP \<130 mmHg had HRs of 4.922 (95% CI, 3.662--6.615) for all-cause mortality, 5.143 (95% CI, 3.596--7.356) for CVD mortality, 4.637 (95% CI, 2.848--7.549) for incident CHD, and 5.820 (95% CI, 3.876--8.740) for incident stroke, respectively. In addition, compared with the reference group (SBP \<130 mmHg) after adjusted sex and baseline age, the risk of all-cause mortality, CVD mortality, incident CHD, and stroke increased 1.781-fold, 1.767-fold, 2.395-fold, and 2.232-fold in the group with SBP of 140--149 mmHg, respectively. Further adjustment for other baseline potential confounders hardly attenuated the HRs.
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Mean Systolic BP During Follow-Up and Adverse Outcomes
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The association between DBP and the incidence and risk of study outcomes followed a J-shaped curve, with an increased event rate (all-cause and CVD mortality, incident CHD) at low and high DBP (Table [4](#T4){ref-type="table"} and Figure [1](#F1){ref-type="fig"}) compared with the reference group (BP \>85--89 mmHg) after adjustment for sex and baseline age, the risk of all-cause mortality, CVD mortality, and incident CHD increased 1.490-fold, 1.469-fold, and 1.665-fold in the group with DBP \<85 mmHg and by 4.603-fold, 4.723-fold, and 4.082-fold in the group with DBP \>100 mmHg, respectively. Compared with the reference group (BP \>85--89 mmHg), after adjusted by sex and baseline age, patients with DBP of 100 mmHg, 95--99 mmHg, 90--94 mmHg, and \<85 mmHg had HRs of 4.357 (95% CI, 3.133--6.059), 3.099 (95% CI, 2.205--4.356), 2.108 (95% CI, 1.515--2.933), and 1.322 (95% CI, 0.950--1.839) for incident stroke, respectively. Further adjustment for other baseline potential confounders only changed the HRs slightly.
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Mean Diastolic BP During Follow-Up and Adverse Outcomes
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![(A) Incidence and adjusted risk of all-cause death as a function of average follow-up diastolic blood pressure. (B) Incidence and adjusted risk of CVD death as a function of average follow-up diastolic blood pressure. (C) Incidence and adjusted risk of coronary, as a function of average follow-up diastolic blood pressure. (D) Incidence and adjusted risk of stroke as a function of average follow-up diastolic blood pressure.](medi-94-e1551-g005){#F1}

Next, we evaluated the association between joint distribution of BP (systolic and diastolic) and study outcomes. In the multivariable models adjusted by sex, baseline age and other potential confounders, compared with the reference group of BP \< 140/90 mmHg, the risk of all-cause mortality (HR: 2.698; 95% CI: 1.989--3.659), CVD mortality (HR: 2.702; 95% CI: 1.855--3.935), incident CHD (HR: 3.263; 95% CI: 2.063--5.161), and stroke (HR: 2.334; 95% CI: 1.559--3.945) was increased in the group with BP of 140--149/\<90 mmHg. Compared with the reference group (BP \< 140/90 mmHg), the risk of all-cause mortality, CVD mortality, incident CHD, and stroke increased 3.882-fold (95% CI: 3.077--4.897), 4.026-fold (95% CI: 3.027--5.355), 3.439-fold (95% CI: 2.384--4.960), and 3.836-fold (95% CI: 2.859--5.147) in the group with BP of \>150/90 mmHg, respectively.

Table [5](#T5){ref-type="table"} shows the HRs of other associated factors for adverse study outcomes. In the multivariable-adjusted model, women were observed to have the HRs of 0.608 (95% CI, 0.519--0.712) for all-cause mortality, 0.607 (95% CI, 0.503--0.733) for CVD mortality, and 0.520 (95% CI, 0.424--0.637) for stroke, respectively. Increasing age was also noted to be significantly associated with all-cause mortality (HR, 1.619), CVD mortality (HR, 1.698), incident CHD (HR, 1.593), and stroke (HR, 1.352), respectively. Mongolian ethnicity was also associated with a higher risk of all-cause and CVD mortality (*P* \< 0.05). No violations of the Cox proportional hazards assumption were observed.
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Other Associated Factors With Future Adverse Outcomes From Cox Proportional Hazards Models^∗^
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DISCUSSION
==========

The main findings of the present study is the positive association for average SBP and J-curve association for average DBP during follow-up and risk of all-cause and CVD mortality, incident CHD, and stroke in hypertensive patients aged ≥60 years in rural areas of China. Additionally, this study demonstrated that the group with the BP of 140--149/\<90 mmHg was associated with an increased risk of all-cause and CVD mortality, incident CHD, and stroke compared with the group with BP \<140/90 mmHg.

In 2014, the JNC-8 panel concluded that the BP threshold and target for treatment in patient ≥60 years of age should be 150/90 mmHg rather than 140/90 mmHg, based on the RCT data available at that time.^[@R9],[@R20]--[@R22]^ They considered this recommendation to be strongly evidence-based. However, the recommendation for less aggressive treatment in older adults has proved to be the most contentious aspect of these recommendations, even among the panel members themselves, some of whom strongly criticized their own paper in a subsequent publication.

In the post-hoc analysis from the International Verapamil SR Trandolapril Study,^[@R13]^ it was observed among hypertensive patients ≥60 years of age with CHD and baseline SBP ≥150 mmHg, that those who achieved an SBP of 140 to 150 mmHg had an increased multivariable-adjusted risk of CVD mortality, all stroke, and nonfatal stroke compared with the control group who achieved SBP \<140 mmHg. Data from the Reasons for Geographic and Racial Differences in Stroke study^[@R15]^ demonstrated that patients with SBP \<140 mm Hg and aged between 55 and 64 years were associated with lower incidence of all-cause mortality, CVD, CHD, and stroke, with the numerically highest incidence risk observed at SBP 140 to 149 mmHg, particularly for those ≥150 mmHg. SBP values of 130 to 139 mmHg were characterized by the numerically lowest risk of CVD incidence.^[@R15]^ Consistent with these results, our study also indicated that the older hypertensive patients with BP of 140--149/\<90 mmHg had an increased risk of all-cause mortality, CVD mortality, incident CHD, and stroke compared with the reference group of BP \< 140/90 mmHg. A prudent interpretation of these data suggests that hypertensive patients ≥60 years of age with BP of 140 to 149 \<90 mmHg still have an increased risk of developing adverse outcomes in rural areas of China.

In addition, there is a continuous and consistent correlation between BP and risk of cardiovascular events and the notion that "lower is better" remains popular for the management of hypertension. However, this theory has been challenged for several decades, especially for DBP.^[@R23]--[@R25]^ Bangalore et al^[@R26]^ indicates that a J- or U-shaped curve association exists between BP and the risk of future cardiovascular events in patients after acute coronary syndrome, which implies that too low of a pressure (especially \<110/70 mmHg) may not be an ideal target. Another post-hoc analysis of the Atrial Fibrillation Follow-up Investigation of Rhythm Management trial demonstrates a U-shaped association between average BP (SBP and DBP) and all-cause mortality in patients with atrial fibrillation (AF).^[@R27]^ The AF patients with average SBP \<110 mmHg and DBP \<60 mmHg had a significantly increased risk of mortality.^[@R27]^ Our analysis also revealed a J-shaped association between DBP and all-cause mortality, CVD mortality, and incident CHD in hypertensive patients ≥60 years of age. The patients with lower DBP (\<85 mmHg) had an increased risk of developing adverse outcomes compared with average DBP in the range of 85 to 89 mmHg. The strict DBP control has not been shown to be superior to the lenient DBP control in older hypertensive patients. A possible explanation for the association between adverse outcomes and low DBP may be related to the high pulse pressure in our study. Since the J-shaped curve may represent an epiphenomenon of increased arterial stiffness, a low DBP might be a marker for high pulse pressure, and thus signify an increased risk of mortality and other adverse outcomes.^[@R28]^

Some limitations should also be considered in light of these results. First, the present analysis was derived from an observational epidemiological study. The results should be further validated by RCT. Second, we were lacking sufficient information on con-concomitant medications (eg, antiplatelet medications), laboratory measurements (eg, cholesterol, serum glucose, and inflammatory biomarkers), and some concomitant diseases (renal status, thyroid status, and anemia status) to control for these covariates. Third, 13.2% (n = 6080) subjects of the original cohort was lost to follow-up, which may potentially induce a degree of selection bias into the present study. These limitations, therefore, make it necessary for the results presented in this study to be regarded prudently. Finally, our study sample only included hypertensive patients aged ≥60 years in rural areas of China, and we could expect varying results from more ethnically diverse populations. The strength of our study include the relatively large sample size and large number of adverse events accrued, thereby increasing the statistical power of our analyses. Furthermore, in this study, the information on BP is derived from the average BP during follow-up, which helps us to precisely determine the association between BP and adverse outcomes.

In conclusion, in hypertensive patients aged ≥60 years of age, there was a J-shaped association between DBP and mortality and incident CHD, which suggests that too low of a DBP may not be appropriate in rural areas of China. In addition, the older hypertensive patients with BP of 140--149/\<90 mmHg had a higher risk of developing adverse outcomes. These results imply that lenient BP control of 140--149/\<90 mmHg, based on the JNC-8 guidelines, may not be appropriate in hypertensive patients aged ≥60 years in rural areas of China.

Perspectives
------------

Recent hypertension guidelines have recommended less rigid target for BP control in elderly persons. Our study demonstrates that hypertensive patients aged ≥60 years of age with BP of 140--149/\<90 mmHg are at increased risk of developing adverse outcomes in rural areas of China. These present results imply that the lenient BP control of 140--149/\<90 mmHg in hypertensive patients aged ≥60 years in rural areas of China may not be an ideal target. Currently, there is high prevalence of hypertension in rural China, and CVD is a major cause of death in China. Therefore, we recommend that older hypertensive patients in rural areas of China should have a therapeutic target of \<140/90 mmHg. This hypothesis should be further tested in RCTs and validated by more ethnically diverse population.
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